Abstract: We describe a new Epichloë species found in symbiosis with Poa pratensis ssp. pratensis in Liyang, China. Stromata characteristic of Epichloë spp. were present on some of the reproductive tillers of individual host grasses. Only three of the 98 stromata observed on field plants became orange and produced perithecia. Phylogenetic analyses based on sequences of tubB and tefA indicated that this Epichloë sp. was an interspecific hybrid related to both E. yangzii and members in the E. typhina complex clade (ETC). Allele-1 of tefA and tubB grouped in the E. bromicola/E. yangzii clade; allele-2 of these two genes clustered in a distinct subclade in the ETC. This is the first report of an Epichloë species that has interspecific hybrid origins. We propose the name Epichloë liyangensis Z. Wang, Y. Kang et H. Miao, sp. nov. for this species.
INTRODUCTION
Epichloë species (Clavicipitaceae, Ascomycota) and their close asexual relatives, Neotyphodium spp., are common endophytic symbionts of many cool-season grasses. In endophyte-grass associations, endophytes gain shelter, nutrition and dissemination in the seeds. Their presence enhances host fitness through drought tolerance, improved growth and protection against insect and mammalian herbivores by the production of alkaloids (Belesky and Bacon 2009 , Malinowski and Belesky 2006 , Moon et al. 2004 , Schardl et al. 2004 ).
In the genus Epichloë six European, four North American and one Asian species have been described (Li et al. 2006, Schardl and Leuchtmann 2005) . The described Asian Epichloë species is E. yangzii Li et Wang, found in several Roegneria spp. that are indigenous in China. We recently identified one of the European Epichloë species, E. sylvatica Leuchtm. & Schardl, as being present in indigenous Brachypodium sylvaticum (Huds.) Beauv. (unpubl) .
The vegetative phase of growth of Epichloë spp. is the same as that of the asexual Neotyphodium spp., with the hyphae being intercellular and synchronized in their growth with that of the host (Christensen et al. 2008) . The vegetative state in host grasses is symptomless. The sexual stage begins by the formation of conspicuous conidiogenous stromata (choke) on the culms of hosts in late spring or summer. Stromata prevent emergence of inflorescences, so Epichloë spp. are considered pathogenic fungi. Sexual reproduction requires heterothallic mating, which in nature is mediated by Botanophila (Diptera, Anthomyiidae) flies. If these flies feed on stromata of one mating type and then on stromata of the other mating type, conidia are transferred, and after germination and anastomosis perithecia with asci containing eight meiotic ascospores develop within stromata (Bultman and Leuchtmann 2003 Leuchtmann , 2008 Chung and Schardl 1997; Leuchtmann et al. 1994) . The filamentous ascospores are ejected forcibly and can initiate new infection via florets in developing seeds and ultimately give rise to infected seedlings Schardl 1997, Schardl et al. 2004) . Among the 23 Neotyphodium species and five varieties (Chen et al. 2009 , Ghimire et al. 2010 , Iannone et al. 2009 , Moon et al. 2007 , Zhang et al. 2009 ), only two Neotyphodium species, N. typhinum (MorganJones & Gams) Glenn, Bacon & Hanlin (N. typhinum var. typhinum Morgan-Jones & Gams and N. typhinum var. ammophilae White & Morgan-Jones) and N. stromatolongum Ji, Zhan et Wang, have been reported as producing stromata-like growth, although these were fragile and did not produce perithecia (Chen et al. 2009 , White et al. 1992 .
Phylogenetic analysis of Epichloë and Neotyphodium spp. uses DNA fragments of the b-tubulin (tubB), the translation elongation factor 1-a (tefA) and the actin (act1) genes (Gentile et al. 2005 , Moon et al. 2007 ). Application of this procedure has revealed that E. typhina (Pers.) Tul., E. clarkii White and E. sylvatica clustered in a large clade designated ETC (E. typhina complex) while the other Epichloë spp. formed a second large clade (Schardl et al. 2004) . Within this second clade, E. yangzii and E. bromicola Leuchtm. & Schardl clustered in a subclade designated EBY (Chen et al. 2009 ). Recent phylogenetic analyses based on the above genes have revealed that most Neotyphodium spp. are interspecific hybrids (Moon et al. 2004 ). To date it was reported that Epichloë have only one allele of these three genes and do not have hybrid origins (Li et al. 2006 , Schardl and Craven 2003 , Schardl and Leuchtmann 2005 , Schardl et al. 2004 .
Poa grasses include many species useful and important for forage, soil stabilization and for turf (Wu et al. 2006) . To date two endophytes are identified in Poa grasses, E. typhina associated with P. pratensis L., P. silvicola Guss., P. nemoralis L. and P. trivialis L. , White Jr 1993 and N. tembladerae Cabral et White associated with Poa huecu Parodi in USA and a Poa sp. in Argentina (Cabral et al. 1999) . In 2009 we found P. pratensis ssp. pratensis L. plants with stromata on some reproductive tillers, growing near Liyang in Jiangsu Province, China. P. pratensis ssp. pratensis is widely cultivated for forage, soil stabilization and lawns (Wu et al. 2006 ). Here we describe the Epichloë endophyte within the Poa grasses with morphological and phylogenetic characteristics and provide evidence that it is a new species that has interspecific hybrid origins.
MATERIALS AND METHODS
Biological materials.-In Jun 2009 and May-Jun 2010 we collected reproductive tillers from Poa grasses with stromata on the roadside in rural Liyang, a hilly area in the eastern part of China near the Yangtze River. Plant samples were identified by inflorescences and florets according to the Flora of China (Wu et al. 2006) . Specimens of endophyte-infected reproductive tillers were deposited in the Nanjing Agricultural University Herbarium, Nanjing, China (NAU035171).
Isolation and purification of fungal isolates.-Single tillers bearing a stroma from different host plants were cut into 5-10 mm long segments and disinfected by double treatments of 75% alcohol and NaOCl (1% available Cl). After rinsing in sterile water the samples were placed on potato dextrose agar (PDA) and incubated at ca. 24 C in the dark (Li et al. 2006) . After 1-2 wk incubation colonies developed from the cut surfaces of excised tissue. This process gave rise to five isolates, Ply9101, Ply9102, Ply9103, Ply9104 and Ply9105. Then three rounds of single-spore purification were carried out. Conidia were streaked onto water agar (4%), and in each round plates were checked after 24 h with a stereo dissecting microscope and germinating conidia were removed onto a new plate of PDA. After 3-7 d incubation at 24 C a colony arising from a germinating conidium was subjected to the next round of purification. The five pure isolates were stored at 4 C and two isolates (CGMCC3.14201:Ply9101 and CGMCC3.14202: Ply9102) were deposited in the Chinese General Microbiological Culture Collection Center (CGMCC; Beijing, China).
These were subcultured on PDA plates, maintained under identical conditions for use in the studies of colony and genetic characters.
Morphological examination.-Plant tissues (leaf sheath and pith) were stained by an alkaline solution (1 M NaOH) of rose Bengal and examined with the aid of a compound microscope for the presence of the characteristic hyphae of endophytes (Saha and Jackson 1988, Li et al. 2006) . Seeds were soaked in the rose Bengal overnight, then squashed and examined for the presence of characteristic hyphae in the remains of the nucellus layer. To confirm that hyphae in the seeds were viable and effected transmission of the endophyte mature seeds collected from stromata-forming plants were planted in the soil. At the third leaf stage the presence of fungal hyphae within the leaf sheathes was checked as described above.
Descriptions and measurements of stromata were conducted on dried materials. Pieces were removed from conidial stroma, and a perithecia stroma were crushed in water. Conidia, phialides, asci and ascospores were observed with a compound microscope. Mean lengths and widths and standard deviation of conidia and phialides were based on 40 measurements.
A perithecial stroma was cut into pieces approximately 5 mm long and immediately immersed in FAA fixation buffer (90 mL 70% alcohol, 5 mL acetic acid, 5 mL formalin) and aspirated with an air suction pump. After 24 h fixation specimens were dehydrated in a graded ethanol series, followed with mixtures of xylene and 100% ethanol in a sequential series (Wu et al. 2011) , infiltrated with 1 : 1 xylene/paraffin for 12 h, then in three changes of 100% paraffin 2 h each, and embedded in paraffin. The paraffin-embedded tissues were cut into blocks and sectioned at 10 mm with a RM2135 microtome (Leica, Germany). Paraffin was removed from these sections, and they were double stained with 1% (m/v) safranin (dissolved in 70% ethanol) and 0.5% fast green (dissolved in 100% ethanol) and rehydrated and mounted (Wu et al. 2011 ). Sections were examined by light microscopy, and the perithecial characteristics were measured. To check for the ejection and germination of ascospores, 4-5 mm long pieces of the perithecia stroma were placed on water agar (2%) at 24 C (Kang et al. 2009, Leuchtmann and Schardl 1998) . The presence of ejected ascospores on the surface of the agar was checked frequently for 48 h. Pieces of a perithecial stroma of E. yangzii were used as positive controls.
Culture characteristics including radial growth were studied from five isolates (Ply9101, Ply9102, Ply9103, Ply9104 and Ply9105). Conidia and phialides of 14 d old colonies of each isolate were observed under the light microscope, and dimensions, shapes and other characteristics were recorded. Mean lengths and widths of each fungal structure and standard deviation were based on at least 20 measurements. The diameter of colonies growing on PDA plates at 24 C was recorded at 21 d based on five colonies of each strain.
DNA isolation, amplification and sequencing.-Genomic DNA isolation, DNA amplification, purification, cloning and sequencing were conducted as described by Kang et al. (2009) . To amplify alleles of tubB two sets of PCR primers, KB-6U and tub2-exon1d for allele 1 and KB-2U and tub2-exon1d for allele 2, were used. To amplify alleles of tefA two sets of PCR primers, tef1-exon6u and KF-3U for allele 1 and tef1-exon6u and KF-2U for allele 2, were used (TABLE I) . Amplifications were carried out in a MyGene TM Series Peltier thermal cycler (LongGene, Hangzhou, PRC). Amplified products were separated by electrophoresis in 1.5% agarose gels and purified with 3 S Spin DNA Agarose Gel Purification Kit (GeneRay Biotechnology, Shanghai, PRC). PCR products were ligated with pMD19-T Vector (TaKaRa Biotechnology, Dalian, PRC), transformed into Escherichia coli DH5a. Clones were selected and grown in LB with AMP for 20 h at 200 rpm and were sent to Invitrogen Biotechonology Co. Ltd (Shanghai, PRC) for sequencing. Plasmid DNA isolation was performed with Tianpure Mini Plasmid Kits (Tiangen Biothch Co. Ltd, Beijing, PRC) by standard procedures and sequenced with a BigDye Terminator Cycle Sequencing Kit 1.1 or 3.1 (Applied Biosystems). Primers used for bidirectional sequencing were M13F(-47) CGC CAG GGT TTT CCC AGT CAC GAC and M13R(-48) AGC GGA TAA CAA TTT CAC ACA GGA on an ABI Prism genetic analyzer (Applied Biosystems, Model 3730). The 2-5 clones per gene from each representative strain (Ply9101, Ply9102, Ply9103 and Ply9104) were sequenced. DNA sequences were submitted to GenBank (SUPPLEMENTAL TABLE I ).
Sequencing alignment and phylogenetic analysis.-DNA sequences were aligned by DNAssist 2.2 (Patterton and Graves 2000) and Clustal W (Thompson et al. 1994) . For alignments sequences from representative strains of Epichloë spp. and Neotyphodium spp. were selected. Alignments were checked by eye for ambiguities and adjusted if necessary. Alignment gaps were treated as missing information. Alignments for tubB and tefA were deposited in TreeBASE (http://purl.org/ phylo/treebase/phylows/study/TB2:S11001?x-access-code5 6f21dc9ccb10333a64d9c462a1a92a79&format5html).
Neighbor joining (NJ) analyses were performed with MEGA4 (Kumar et al. 2004) . Genetic distances were calculated with the Kimura two-parameter model. Bootstrap support values were estimated based on 1000 replications for the test of inferred phylogeny.
RESULTS
Distribution and characteristics of infected P. pratensis plants.-All P. pratensis plants with stromata were found within a small area, about 1 sq km. Only a minority of P. pratensis host grasses had stromata, and these were not on all reproductive tillers of a plant. The host grasses were identified as P. pratensis ssp. pratensis, referring to the Flora of China (Wu et al. 2006) . We found 22 plants with stromata and removed 48 stromata for studying in Jun 2009 and observed 10 plants with 50 stromata in May 2010. These stromata, typical of Epichloë species, were located on the flag leaf sheath. Some stromata were kinked instead of straight (FIG. 1A, B, C) . Just three of these 98 stromata turned orange and produced perithecia (FIG. 1) , the other 95 remained white, smooth and infertile. The three perithecial stromata had many perithecia, but these were not uniformly distributed (FIG. 1) . The overall density of perithecia on stromata was ca. 25/mm 2 (FIG. 2) . Filamentous fungal hyphae stained by rose Bengal were observed within leaf lamina and sheathes and also in the pith of culms. Hyphae were ca. 1.2 mm wide and rarely branched. Those in the leaves were mostly aligned parallel to the longitudinal leaf axis. Seeds harvested from symptomless reproductive tillers contained hyphae characteristic of Epichloë and Neotyphodium endophytes within the remains of the nucellus layer. Leaves of seedlings propagated from seeds of stromata-containing host grasses contained the characteristic intercellular hyphae of this class of endophyte.
No ascospores were observed to be ejected from pieces of perithecia-containing stromata (ca. 5 mm long) that had been placed in WA plates. In contrast, ascospores were ejected from similar pieces of perithecia containing E. yangzii stromata from R. kamoji. However a small number of ascospores were observed on WA containing thin, hand-cut sections of perithecia containing stromata, presumably having been dislodged from damaged perithecia. These ascospores on WA were observed to germinate and produce conidia. PDA colonies are white, cottony, circular with a regular margin and brown reverse (FIG. 3) . Conidia are reniform to ellipsoid, 5.9-6.4 mm long (FIG. 3) . Phylogenetic relationships.-PCR amplification of the tubB and tefA genes from genomic DNA of the three rounds of single conidia-purified E. liyangensis strains revealed that each had two alleles. The tubB allele-1 and allele-2 products were about 520 bp and 680 bp respectively. The tefA allele-1 and allele-2 products were about 600 bp and 700 bp respectively. DNA sequences were submitted to GenBank and accession numbers are listed (SUPPLEMENTAL TABLE I).
NJ trees based on tubB and tefA gene sequences were nearly identical, and most members of a particular Epichloë species tended to cluster (FIG. 4) . The circles and triangles (FIG. 4) represent the two alleles of tubB and tefA from strains of E. liyangensis. The tubB allele-1 formed two subclades in EBY, one from two isolates that clustered with E. yangzii with a bootstrap value of 88%, while that from the other two strains formed an independent subclade with a bootstrap value of 99%. The sequences of the tubB allele-1 of the three single conidia-purified isolates differed in 21 of the 520 base pairs. The tubB allele-2 formed a subclade in ETC that clustered with one E. typhina strain with a bootstrap value of 92%. The tefA allele-1 formed an independent subclade in EBY with a bootstrap value of 80%. The tefA allele-2 formed a subclade in ETC that clustered with one E. typhina strain with a bootstrap value of 91%. nov.
FIGS. 1-3 MycoBank MB518666
Stromata similia Epichloë typhinae, cylindracea, 4.1-64.5 mm longa, 0.9-2.9 mm lata, ad maturitatem laete aurantiaca. Conidiophora hyalina, non ramosae, basiseptata, 33.3 6 6.5 mm longae, 2.5 6 0.2 mm latae ad basim, gradatim angustatae ad 1.0 mm. Conidia hyalina, aseptata, ellipsoidea, 5.5 6 0.6 3 2.7 6 0.3 mm. Perithecia pyriformia, 258.1 6 18.0 mm alta, 108.75 6 11.5 mm lata, textura globulosa albida vel fulvescenti immersa, protrudentibus collies latis, circa 25 per mm 2 . Asci cylindracei, breviter stipitati, 245.4 6 11.9 3 6.9 6 0.4 mm, apicibus hemisphaericis, 8-spori. Ascosporae hyalinae, filiformes, 252.5 6 18.3 3 2 mm, non ejectae. Status anamorphosis. Neotyphodium. Stromata similar to that of Epichloë typhina on reproductive tillers enclosing the undeveloped inflorescence and the flag leaf sheath, cylindrical, 4.1-64.5 mm long 3 0.9-2.9 mm wide; conidial stromata white, covered with a dense layer of conidiogenous hyphae and conidia; upon fertilization perithecia develop within a proliferating mycelium and form a layer on top of the conidial stroma, becoming light orange at sexual maturity (FIG. 1) . Conidiogenous cells hyaline, unbranched, septate at base, sometimes with an additional septum in the middle, 33.3 6 6.5 mm long, 2.5 6 0.2 mm wide at base, gradually tapering to 1.0 mm. Conidia hyaline, aseptate, ellipsoid, 5.5 6 0.6 3 2.7 6 0.3 mm. Perithecia pyriform, with short necks, 258.1 6 18.0 mm high, 108.75 6 11.5 mm wide, ca. 25 per mm 2 . Abundant asci in each perithecium. Asci 245.4 6 11.9 3 6.9 6 0.4 mm, with apical thickening, containing eight ascospores. Ascospores filamentous, 252.5 6 18.3 3 2 mm, hyaline, not ejected (FIGS. 1, 2).
Anamorph. Characteristics in culture. Colony 36.2-49.8 mm diam after 3 wk at 24 C on PDA, colonies raised from agar surface, white, cottony. Colony reverse brown centrally to light tan at margin. Vegetative hyphae hyaline, septate, ca. 1.2 mm wide. Phialides abundant, arising solitarily from hyphae, lateral orthotropic, cylindrical at the base, tapering toward the apex, hyaline, determinate, usually having septa at or near the base, 22.1-24.5 mm long, 2.3-2.5 mm wide at base, about 1.0 mm wide at the apex. Conidia reniform, to ellipsoid, hyaline, smooth, 5.9-6.4 3 3.0-3.2 mm (FIG. 3) . DISCUSSION We have reported a new Epichoë sp. from P. pratensis ssp. pratensis indigenous to the vicinity of Liyang City in China. We identified it as an Epichloë sp. because it could produce stromata, perithecia, asci and ascospores characteristic of the genus. Phylogenetic analysis has strongly supported the validity of this new species.
The largest difference between the E. liyangensis and all other described Epichoë species is the presence of two alleles of tubB and tefA. The alleles were present within each of the four isolates that were purified by three passages of single-conidia isolations and did not result from mixed or contaminated cultures. The presence of two alleles of these genes is common in Neotyphodium spp., with the duplicate alleles clustering in phylogenetic trees with different Epichoë spp. The inference of this finding is that most Neotyphodium spp. have evolved from hybridization of Epichoë spp. (Chen et al. 2009 , Gentile et al. 2005 , Moon et al. 2004 , Moon et al. 2007 ). However the presence of two alleles of tubB and tefA, with one allele of each gene clustering within EBY and the other in ETC, indicates that E. liyangensis is not a haploid and like most Neotyphodium spp. it has evolved from the hybridization of certain Epichloë species.
The EBY alleles of tubB from the four strains grouped in two clades, and this raises the possibility that two divergent tubB EBY alleles are present. Ply9101 and Ply9104 grouped with E. yangzii, but Ply9102 and Ply9103 formed an independent subclade. Perhaps the most likely possibility to explain the presence of two tubB EBY alleles is that they both came from the same ancestral tubB allele but over time mutation resulted in the difference of 21 base pairs between the two. Another possibility is that E. liyangensis might be a hybrid of different EBY members as well as an interspecific hybrid of EBY and ETC members. However Ply9102 and Ply9103 did not cluster with any Epichoë sp. and so this is less likely.
Two intriguing features of E. liyangensis were that only three of the 98 stromata observed over 2 y became orange and produced perithecia and that the ascospores were not ejected from the excised perithecial stroma. Both features would greatly restrict the horizontal transfer of this Epichloë sp. to new hosts. There are several possible reasons why the sexual stage was not produced on nearly all stromata. The first is that nearly all P. pratensis plants observed might have contained strains of E. liyangensis of the same mating type and so heterothallic mating seldom occurred. A second possibility is that a weakening in the ability to mating occurred after the hybridization that gave rise to E. liyangensis. This mechanism has been proposed to explain the loss of the sexual stage of Neotyphodium species that have evolved from hybridization involving Epichloë species (Gentile et al. 2005) . Vertical transmission through seed produced on host grasses is a highly efficient process with the potential to produce a high number of plants infected with an endophyte strain. Any mutation or combination of mutations that reduces stromata production and thus increases endophyte-infected seed numbers likely would be selected for and plants with the mutated strain would persist and dominate the population.
Another possibility is that there is no vector or insufficient numbers of vectors to transfer conidia from stromata of a plant of one mating type of E. liyangensis to a plant with stromata of another mating type. A final possibility is the absence of the volatile attractants of insect vectors that are produced by stromata of Epichloë species (Schiestl et al. 2006; Steinebrunner et al. 2008a, b, c) . However we have observed some pupae of unknown insects within white stromata, indicating that some insects were feeding on them. Leuchtmann reported that fly vectors are not strongly host specific and a comparison of molecular phylogenetic relationships of Botanophila species with those of the associated Epichloë hosts did not suggest co-evolution of the fungus and the fly (Leuchtmann 2007 ). Furthermore we observed that nearly all stromata of E. yangzii and E. sylvatica produce abundant perithecia in nature, indicating the abundance of vectors, and so their vectors also should be vectors of E. liyangensis.
Morphological characteristics of sexual structures and conidia, in addition to phylogenetic information, are of importance in designating new species. Conidia are larger than those of the other 11 Epichloë spp. with the exception of E. glyceria. Perithecia of E. liyangensis are smaller than seven of the eight Epichloë spp. for which the information is available, with only E. yangzii having smaller perithecia (TABLE II) . The findings that E. liyangensis has dual alleles of at least some genes together with large conidia relative to the sizes of 10 of the other 11 Epichloë spp. raises the question regarding the possibility that E. glyceria also might have duplicate copies of some genes and thus an interspecific hybrid origin.
Studies have suggested that the size and dimensions of conidia are informative morphological features of Epichloë and Neotyphodium spp. The hybrid Neotyphodium spp. have larger conidia than those of the haploid Epichloë spp. and non-hybrid Neotyphodium spp. (Gentile et al. 2005 , Moon et al. 2004 , Schardl and Leuchtmann 2005 . The conidia of interspecific Neotyphodium spp. are almost always greater than 5 mm long , Li et al. 2006 , Moon et al. 2004 , Schardl and Leuchtmann 2005 . For example the length of N. coenophialum conidia are ca. 8.2 6 1.45 mm and this species is a triple hybrid (Schardl and Leuchtmann 2005) . Spore size may reflect genome size in the epichloë endophytes (Kuldau et al. 1999) . The conidia of E. liyangensis are ca. 6 mm long, and this provides a further indication that this species is not haploid.
E. typhina is the only Epichloë species reported in Poa spp., being found in P. nemoralis L., P. pratensis L. and P. trivialis (Schardl and Leuchtmann 2005) . From morphologic characteristics asci, ascospores and conidia of E. liyangensis are larger than those of E. typhina (TABLE II, SUPPLEMENTAL TABLE II) . The stromata of E. liyangensis are shorter than those of E. typhina, but the densities of perithecia of E. liyangensis are less than E. typhina (TABLE II) . From phylogenetic analysis E. liyangensis differs markedly from E. typhina although one of its two alleles of both tubB and tefA clustered in the ETC clade. However the tubB and tefA genes clustered closely with only one E. typhina strain from P. nemoralis and this was not from P. pratensis (FIG. 4) .
In China we found two new Neotyphodium species, N. sinicum and N. sinofestucae Chen, Ji et Wang, that have originated from the hybridization of EBY and ETC members (Chen et al. 2009 ). We also found other Neotyphodium spp. in other grasses that might have originated from the hybridization of EBY and ETC members (data not shown). This indicates that many Chinese Neotyphodium endophytes might have originated from the hybridization of EBY and ETC members. To date we have found in China just one Epichloë sp. within the ETC, E. sylvatica, and just one in the EBY clade, E. yangzii. The presence of these two Epichloë spp. in China provides the potential for the formation of interspecific Neotyphodium species in Chinese grasses. However the finding that E. liyangensis is an interspecific hybrid raises the possibility that Chinese Neotyphodium endophytes might have evolved from interspecific hybrid Epichloë species. It is possible that what we have called E. liyangense is the result of recent hybridization where the endophyte still retains the ability to produce typical stromata and a limited ability to complete the sexual lifecycle, although this may be no longer functional as shown by the apparent failure of ascospores to be ejected. With time both of these characteristics may be lost through natural selection of strains that have symptomless host plants and hence highly efficient seed transmission. At that stage such strains would be typical Neotyphodium species with an interspecific hybrid origin.
E. liyangensis appears to be biologically unique compared to Epichloë and Neotyphodium and might be an evolutionary intermediate between sexual Epichloë and strictly asexual Neotyphodium and it is closest to Epichloë; so we classified it as an Epichloë species. Mating tests among E. liyangensis and the two Epichloë species identified in China and other members of EBY and ETC are required to establish the relationship between them. The Chinese endophytes provide much potential for the understanding of the evolution of Epichloë and Neotyphodium species. 
